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(54) IViethod for creating a process capability database 

(57) A procedure and method for eliciting expert in- 
formation on process capability and thereafter manipu- 
lating the elicited information In such a manner that it 
can effectively be used In a process capability database 
that Is operating In a six sigma regime. The manipulation 
preferably includes converting (240) the expert elicited 
Information (230) from a tolerance-type metric to a short 
term standard deviation (orslgma) metric (240), where- 
by the result of the manipulation is used (254) to popu- 
late directly a process capability database (21 0) and, as 
appropriate, thereby augment, replace or modulate the 
data already stored therein. 
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Description 

[0001] This invention relates to creating and updating 
a process capability database including the collection of 
expert knowledge, which database is used by design 
engineers in the course of designing and nnanufacturing 
parts or features of parts that are quality controlled pref- 
erably using a six slgma quality control regime. 
[0002] Process capability refers to the accuracy or tol- 
erance by which a manufacturing process can fabricate 
?parts or features of parts. Process capability information 
is crucial to the quality design of products that depend 
on these parts and features. Known procedures allow 
calculation of process capability via careful measure- 
ment of features manufactured by the process. This Is 
a time consuming process which, when properly done, 
requires measurement over a number of potentially con- 
founding variables such as time of day, day of week, 
shift, environment, etc. When a manufacturing firm de- 
velops a wide variety of products, a significant effort 
must be expended before quality design procedures can 
be employed. 

[0003] In an effort to streamline process capability 
knowledge, there has been employed the use of "ex- 
pert" knowledge to augment existing sources of infor- 
mation relating to process capability. For example, 
Zucherman (SME paper MS86-951, "A Knowledge 
Base DevelopmentforProducibility Analysis in Mechan- 
ical Design") describes the use of an expert system to 
analyze a design from a producibility standpoint How- 
ever, this document does not describethe acquisition of 
process capability data and/or any subsequent manip- 
ulation of that acquired data to properly populate a da- 
tabase used for assessing process capability. 
[0004] U.S. Patent 5,452,218 to Tucker et al. de- 
scribes a system and method for detemnining quality 
analysis on fabrication and/or assembly design using 
shop capability data. In the scheme disclosed by Tucker 
et al., which is applicable to a six sigma quality model, 
there is an opportunity to consult with a process consult- 
ant with respect to infomnation not found in a previously 
prepared database. However, except for noting that 
consultation can be effected via e-mail or electronic 
message, Tucker et al. do not address any details re- 
garding the input of expert information into a database, 
or the desirability of any particular manipulation of the 
obtained information that is input, especially in view of 
a six Sigma quality control approach. 
[0005] It is therefore desirable to provide a procedure 
and method for eliciting expert opinion on process ca- 
pability and thereafter manipulating the elicited Informa- 
tion In such a manner that it can effectively be used to 
populate a process capability database, operating In a 
six Sigma regime, that is accessed by at least design 
and process engineers. The manipulation preferably in- 
cludes converting the expert elicited infomiatlon from a 
tolerance-type metric to a short tenri standard deviation 
(or sigma) metric, wherebythe result of the manipulation 
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is used to populate directly a process capability data- 
base and, as appropriate, thereby augment, replace or 
modulate the data already stored therein. 
[0006] With this method, the knowledge of experi- 

5 enced manufacturing and design engineers can rapidly 
fill a process capability database for a large number of 
parts and features across multiple processes. This pro- 
vides not only a basis for quality design, but an initial 
benchmark for process improvement. 

10 [0007] An embodiment of the Invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which:- 

Fig. 1 is a schematic block diagram of process steps 
15 in accordance with a preferred embodiment of the 
present Invention. 

Fig. 2 is one exemplary database schema in ac- 
cordance with a preferred embodiment of the Inven- 
20 tion. 

Fig. 3 is an exemplary graphical user interface for 
depicting a hierarchical structure for a database 
schema In accordance with a preferred embodi- 
25 ment. 

[0008] In accordance with an embodiment of the 
present invention, there is provided a method by which 
a process capability database is populated with data 

30 that has been manipulated and/or assimilated in partic- 
ular ways to permit efficient and meaningful use of that 
data in the overall database, Specifically, In a prefeaed 
embodiment of the invention, in addition to convention- 
ally acquired data about particular manufacturing proc- 

35 esses, expert opinion on process capability is elicited in 
the fomi of tolerance infomnation. This tolerance infor- 
mation Is thereafter converted into a short term slgma 
metric so that the data can effectively be incorporated 
Into an overall process capability database predicated 

40 on a six sigma quality model. 

[0009] Referring now to Fig. 1 , there is shown a plu- 
rality of steps In accordance with a preferred embodi- 
ment of the present invention. In step 200 a database 
schema is developed that will fomn the basis of a proc- 

^ ess capability database (not shown). Fig. 2 shows one 
possible database schema, with respect to mechanical 
manufacture, that can be used in the method depicted 
In Fig. 1 . The schema of Fig. 2 is discussed below In 
detail. 

50 [0010] As an example, preferably there are at least 
seven major processes that are susceptible to six sig- 
ma-type quality control and that are pertinent to the pre- 
ferred embodiment: 

55 - Fabrication 

Machining 
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Molding 

Surface Finishing 

Printing / Marking s 

Powder Metallurgy 

Drawing/Extruding. 

10 

[0011] Each process preferably further is broken 
down logically as appropriate. Thus, under Fabrication 
the following categories are possible: 

Subprocesses ( Fabrication :stamping] 15 
Various nnethods or implementations of subproc- 
esses 

[0012] (Fabrication:stamping:single die) 

20 

Material (Fabricatlon:stamping:single die:ferrous) 
Specific material type (Fabrlcatlon:stamping:single 
die:ferrous:hard) 

Feature (Fabrlcation:stamping:single die:ferrous: 
hardrhole) 25 
Feature range (Fabrication:stamping:single 

die:ferrous:hard:hole:diameter<0.25 in). 
[0013] These hierarchical levels are arranged such 
that they can be stored in the process capability data- so 
base and displayed on a computer system accessible 
to design engineers, for example. An exemplary graph- 
ical user interface (GUI) for depicting the stored hierar- 
chy and associated data is shown in Fig. 3. Any suitable 
database program running on a stand alone or net- 35 
worked computer can be Implemented to run the proc- 
ess capability database and associated GUI. 
[0014] In Fig. 3 there is shown, in addition to the data 
discussed herein regarding the process capability data- 
base, other elements relating to quality control predicat- 40 
ed on a six sigma model. For example, the GUI prefer- 
ably Includes indications of an entitlement standard de- 
viation, worst case/RSS (root sum of squares) limits, 
worst case/RSS limits - stretch (where "stretch" refers 
to a predetermined margin), future entitlement standard 45 
deviation and/or the underlying distribution type, e.g. 
normal, Gaussian. 

[0015] Referring again to Fig. 1, after the database 
schema orstructure is developed, the process capability 
database is populated in step210. Atthis stage, the data so 
used to populate the database Is that which Is consid- 
ered to be readily available, such as data gleaned from 
engineering handbooks or manufacturer's specifica- 
tions. On-line services, via the Internet, may also be 
used to gather the desired data. The data acquired and 55 
stored In step 210 provides a starting reference for ex- 
perts, as will be discussed below. 
[001 6] At step 220, for each process in the database 



schema, a manufacturing or design engineer with work- 
ing knowledge of the process and/or the quality,o f ,parts. 
normally delivered by suppliers is Identified. Then, at 
step 230, the expert is queried to elicit his/her particular 
knowledge with respect to specific processes. Specifi- 
cally, it is in accordance with a preferred embodiment to 
elicit from the chosen experts what is considered to be 
"industry standard" tolerances. As noted above, the 
"readily available" data previously stored in the data- 
base preferably is used by the engineer or expert as a 
starting reference. From this starting reference the ex- 
pert refines the data to confomi more accurately with 
"true," or more practical or realistic, industry standards. 
[0017] In the context of the preferred embodiment of 
the present invention, "industry standard" preferably 
means a tolerance limit which a wide range of compe- 
tent global industrial manufacturers meet 99% of the 
time without special sorting. The standard represents 
the perfomnance of most companies, not the few that 
have adopted and achieved six sIgma quality levels, nor 
marginal manufacturers with poor performance. This 
tolerance level preferably represents what supp I iers typ- 
ically promise on a typical part from a controlled proc- 
ess. That is, the part is not one which has special toler- 
ance requirements, sorting or undergoes extra opera- 
tions. In a typical supplier lot, one expects the parts to 
pass a 0.65% AQL (Acceptance Quality Level), 90 out 
of 100 times. Preferably, an industry standard level that 
is placed in the database will not be proven by one ex- 
ample of a "best in class" supplier, or, likewise, rejected 
by experience with one low cost, low quality supplier. 
[0018] Thus, returning to step 230 in Fig. 1 , an expert 
is asked to provide tolerance information In response to 
questions about a typical manufacturer. 

(a) for a particular process (e.g. stamping), 

(b) using a particular method (e.g. single die), 

(c) for a particular material (e.g. ferrous, hard), 

(d) in a particular range (e.g. <0.25" diameter), and 
/or 

(e) for a particular feature (e.g. hole). 

[0019] The thus acquired knowledge (data) is in the 
form of tolerance information. However, such tolerance 
infonnation is not immediately useful in a six sigma ap- 
proach to quality control. That is, the tolerance informa- 
tion elicited from the experts must first be manipulated 
or assimilated to be In a fomn that can be used In the 
process capability database. 

[0020] In the six sigma paradigm, standard industry 
practice results in short temri process capability of 4 sig- 
ma (40). This means that a typical parts manufacturer, 
when quoting a tolerance of ±x around a mean value of 
y, delivers such parts with a normal process that has 
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short term standard deviation of x/4. Traditional manu- 
facturing has depended on incoming inspection and the 
use of operational curves to balance producer/consum- 
er risk. These curves are based on the assumed under- 
lying process capability of the producer. For example, 
common levels in use involve a sampling plan AQL (ac- 
ceptance quality level) of 0.65% to 1%. This relates to 
a long term process capability (AQL levels tend to be 
applied to long term contracts and represent an ongoing 
expectation of quality) of 0.65% to 1 % failures, or a long 
term process capability of 2.580to2.72C>, which relates 
a short temn sigma of 40 to 4.2^. 
[0021] In view of the above, at step 240, short tenn 
Sigma is obtained by dividing the tolerance Infomnatlon 
provided by an expert by 4. The result of this division 
provides a short term sigma value that can effectively 
be used in the six sigma quality model. 
[0022] The process in accordance with the preferred 
embodiment, however, does not necessarily end at this 
point. As the so-called "Industry standard" might 
change, the preferred embodiment of the present inven- 
tion also Includes the flexibility to change accordingly. 
For example, the industry standard values are thereafter 
available, via the process capability database, for re- 
view by plant and sourcing personnel as well as any oth- 
er internal company technology staff. 
[0023] Additionally, the process capability database 
preferably is made available to selected suppliers for 
comment and feedback. Such sources, especially if they 
are working within the six sigma regime, provide an in- 
dependent cross check of the data. Finally, yet another 
source of "industry standards" is from on-going literature 
and/or on-line searches. As designers and process 
owners canvass the published tolerances in manufac- 
turing texts, handbooks, vendor literature and Internet 
websites, the data in the process capability database 
can be altered and/or updated as necessary. 
[0024] The foregoing feedback or data review cycles 
are depicted in Fig. 1 by step 250. If additional informa- 
tion becomes available or pertinent then that information 
Is converted to a short term sigma metric immediately, 
through branch 252, or alternatively, the Information can 
again be used as a reference point for experts by pass- 
ing through branch 254. 

[0025] The end of the process, as depicted in Fig. 1 , 
if in fact an "end" is desired as the method in accordance 
with the preferred embodiment preferably is open and 
responsive to changes in industry standards, is step 
260. It is noted that the preferred method is applicable 
to any database schemas wherein expert knowledge is 
a desirable input and wherein the acquired expert 
knowledge may be converted to a metric that Is more 
useful to the implemented quality control model. 



Claims 

1 . A method of populating a process capability data- 



base, comprising the steps of: defining (200) a plu- 
rality of categories for a predetermined process, 
each of said categories representing discrete acts 
or features of said process; 

5 

identifying (210) infonnation associated with at 
least one of said categories and populating said 
process capability database with the same; 
acquiring (220, 230) expert knowledge related 
^0 to at least one of said categories, said expert 

knowledge being in the form of a tolerance val- 
ue; 

converting (240) the thus-acquired tolerance 
value to a short term sigma metric; and 
15 further populating said process capability data- 

base with said short term sigma metric. 

2. The method of claim 1 , further comprising obtaining 
(252) additional information in the form of tolerance 

20 values, converting said additional Information to a 
short term sigma metric, and updating said process 
capability database with the same. 

3. The method of claim 1 , further comprising obtaining 
25 (254) additional infonnation in the fomi of tolerance 

values, eliciting additional expert knowledge based 
on said additional infonnation, wherein said addi- 
tional expert knowledge is in the form of a tolerance 
value, converting said additional expert knowledge 
30 to a short tenn sigma metric, and updating said 
process capability database with the same. 

4. The method of claim 1 , wherein said converting step 
comprises dividing said tolerance value by 4. 

35 

5. A method of populating a process capability data- 
base operating, at least in part, under a six sigma 
quality control model, comprising the steps of: 

^0 defining (200) a plurality of categories for a pre- 

detemnlned process, each of said categories 
representing discrete acts or features of said 

process; 

identifying (210) readily available information 
45 associated with at least one of said categories 

and populating said process capability data- 
base with said readily available infonnation; 
eliciting expert knowledge (220, 230) related to 
at least one of said categories, said expert 
50 knowledge being elicited based , at least partial- 

ly, on said readily available information, the 
thus-elicited expert knowledge being In the 
fomn of a tolerance value; 
converting (240) said tolerance value to a short 
55 term sigma metric by diving said tolerance val- 

ue by 4; and 

further populating said process capability data- 
base with said short temn sigma metric. 
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6. The method of any one of claims 1 to 5, further com- 
prising iterativeiy updating said process capability 
database. 

7. The method of claim 6, wherein said process capa- s 
biiity database is updated with at least one of readily 
available knowledge and expert knowledge. 

8. The method of any one of claims 1 to 5, wherein 
said identifying step comprises accumulating infor- io 
mation from at least one of engineering handbooks, 
literature and Internet services. 

9. The method of any one of claims 1 to 5, wherein 
said predetermined process comprises at least one is 
of fabrication, machining, molding, surface finish- 
ing, printing/marking, powder metallurgy, and draw- 
ing/extruding. 

10. The method of any one of claims 1 to 5, wherein 20 

said categories comprise at least one of a subproc- 
ess, a method, material, range and feature. 

11. The method of any one of claims 1 to 5, wherein 
said predetermined process comprises manufac- 25 
turing a part for a device. 
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